in the fossil record appear to be robust to outmoded or incomplete taxonomy (22) , including, as we have shown, the first-order history of biodiversity (8, (26) (27) (28) (29) . However, our results underscore the importance of taxonomic consistency in more detailed studies, from the evaluation to sampling biases to spatially explicit analyses of extinction and origination.
We have not eliminated all of the factors that could potentially impose or exaggerate diversity increases through the Cenozoic. For example, younger sediments are less likely to be lithified than older rocks, and this would facilitate the retrieval or identification of small, delicate or rare taxa in younger time intervals. However, we have no reason to believe that this shift in the nature of the stratigraphic record would impose the relatively smooth increase observed in Cenozoic richness, particularly in the presence of a decline in the extent of fossiliferous deposits over the Cenozoic and indeed over the past 100 My (1, 5) . This conclusion is corroborated by recovery rates of range-through taxa in latest Cretaceous strata, which are comparable to our latest Cenozoic value despite much more extensive lithification, tectonism, erosion, and diagenesis in the earlier interval. The marked Cenozoic diversification of marine bivalves helped shape modern benthic marine communities and remains an intriguing biological phenomenon. Postextinction recovery dynamics (12) , provincialization (26, 30) , interhabitat differentiation (31) , and changing nutrient regimes (32) are all thought to have contributed to this diversification. The relative effects of these and other processes must be quantified for a fuller understanding of the origin and maintenance of modern marine biodiversity. Although pairs of species often interact over broad geographic ranges, few studies have explored how interactions vary across these large spatial scales. Surveys along 1500 kilometers of the Pacific coast of North America documented marked variation in the frequency of predation by the snail Nucella canaliculata on the intertidal mussel Mytilus californianus. Laboratory rearing experiments suggest that regional differences in drilling behavior have a genetic basis, and mitochondrial sequence variation confirms that gene flow is low among these snail populations. Marine communities separated by hundreds of kilometers may have intrinsically different dynamics, with interactions shaped by restricted gene flow and spatially varying selection.
Pairs of species often co-occur over broad latitudinal ranges marked by strong environmental gradients that may alter the nature or intensity of species interactions by changing the ecological (1-3) and evolutionary (4, 5) context in which they occur. Theory suggests that species are more likely to exhibit local adaptation to spatial variation in selection when gene flow is low (6, 7) . Thus, in terrestrial and freshwater systems, where dispersal is often limited, there are many examples of species interactions modified by sitespecific selection (4, 5) . In contrast, the prevalence of planktonic larvae in marine species has caused local selection to be neglected as a potential source of variation in marine interactions (8, 9) . However, growing evidence of genetic differentiation among many invertebrate and fish populations (10) (11) (12) (13) (14) highlights the importance of understanding the ecological consequences of restricted gene flow in marine systems. The mid-intertidal mussel Mytilus californianus is a dominant competitor and habitatforming species on rocky shores along the Pacific coast of North America (15, 16) . Our results suggest that predation by the whelk Nucella canaliculata on this important species is often strong in California, but weak in Oregon, and that these differences in drilling behavior have a genetic basis. Potential for population differentiation is high in Nucella because this predator lacks planktonic dispersal and instead hatches directly from intertidal egg capsules. Here we hypothesize that California and Oregon whelks have evolved distinct community roles in response to regional differences in coastal upwelling intensity and prey availability (17) .
Our studies focused on 16 rocky intertidal sites spanning 1500 km and ranging from Piedras Blancas, California, to Tatoosh Island, Washington (18) . Sites were selected haphazardly, at ϳ100-km intervals, and without a priori knowledge of whelk predation. Because drilled shells are embedded within the matrix of living mussels, Mytilus beds contain a record of past predation. At each site, we quantified the frequency of predation by removing all whelks and drilled mussels from 0.25-m 2 quadrats randomly placed in the most wave-exposed mussel bed present (18) . Nucella predation varied dramatically between previously characterized (17) regions of strong upwelling (the California coast) and weaker upwelling (the Oregon coast). Drilled M. californianus were abundant along the California coast (Fig. 1A) . In contrast, drilled M. californianus were nearly or entirely absent along the central Oregon coast, despite densities of N. canaliculata that were twice as high as those in California (mean Ϯ SEM, 26.9 Ϯ 1.56 versus 11.9 Ϯ 2.68 whelks per 0.25 m 2 , Oregon versus California, respectively; Student's t test, P Ͻ 0.001).
Infrequent predation on M. californianus in Oregon could result from prey choice. Given a choice of mussels, N. canaliculata feed exclusively on the bay mussel Mytilus trossulus (19) , a species that is rare along the California coast but locally abundant and heavily preyed upon at northern sites (20, 21) . To determine whether whelks would drill M. californianus in the absence of other prey, we held whelks from all 16 sites in a common laboratory environment with only M. californianus available as prey (18) . Variation in drilling behavior among populations was remarkably similar to that seen in the field (Fig. 1B) . Whereas whelks from California drilled mussels intensely, many Oregon whelks did not drill a single mussel during the 1-year study (22) .
Although these data suggested that the propensity to drill M. californianus was a fixed behavior, predation by field-collected Nucella could be influenced by previous diet and conditioning. To eliminate potential effects of feeding history, we reared whelks in a common garden experiment (18) . Two sets of egg capsules were collected from 8 of the 16 sites and returned to Hopkins Marine Station, where development through hatching was completed. Juveniles from each set of capsules were raised to adult size (19 to 24 mm long, 9 to 10 months old) on a diet of M. trossulus from a common Oregon source. We then transferred each whelk to its own container and scored whether these naïve individuals drilled M. californianus. The percentage of M. californianus drillers varied dramatically with capsule source (Fig. 2) ; 75.9% of California whelks (n ϭ 112) drilled M. californianus, compared with only 9.2% of Oregon whelks (n ϭ 98) and 4.1% of Washington whelks (n ϭ 74) (23). These differences among whelks reared under identical conditions strongly suggest that variation in drilling behavior has a genetic basis (24) . Although drilling behavior differed among regions, finer scale variation was also present. For example, whelks from C3 and O3 differed from the other two sites in their regions (Fig. 2) , consistent with the pattern of among-site variation seen in the field and laboratory (Fig. 1) .
Because N. canaliculata lacks a dispersive larval phase, populations may be highly differentiated (10) . To test this hypothesis, we collected whelks from 13 of the 16 sites (n ϭ 56; 4 to 5 snails from each site except O1, O5, and W1) and sequenced 870 base pairs of the mitochondrial gene encoding cytochrome c oxidase subunit I (COI) (18) . Of 32 unique haplotypes obtained (GenBank accession numbers AY231178 to AY231241), only 6 were found at more than one study site. Low gene flow is suggested both by traditional F ST -based methods and by likelihood analyses based on coalescent theory (7). As predicted, genetic differentiation (F ST ) increases with the geographic distance separating populations (Fig. 3) . Similarly, likelihood estimates of migration (18) Fig. 1 ) that drilled M. californianus during a 124-day experiment. M. californianus drilling was significantly higher in whelks raised from California capsules than in whelks raised from either Oregon or Washington sources (ANOVA on arcsine square root-transformed proportions, P Ͻ 0.001).
regions is significant [analysis of molecular variance (AMOVA), F CT ϭ 0.019, P Ͻ 0.05] it is less than that within regions (F SC ϭ 0.22, P Ͻ 0.001), and the greatest amount of variation is partitioned within populations (F ST ϭ 0.23, P Ͻ 0.001). Interestingly, the southernmost population (C1, Piedras Blancas) is unusually divergent and occurs in a region of the California coast where other phylogeographic discontinuities have been noted (10, 14, 25) . However, even when this population is included, overall levels of pairwise genetic divergence among populations (26) are low (average d A Ͻ 0.25%). Thus, the COI data suggest neither a phylogeographic split between southern and northern populations nor the presence of a cryptic species. Rather, N. canaliculata exhibit a pattern of isolation by distance (Fig. 3) , characteristic of a species with limited dispersal and low gene flow distributed in a continuous, linear array of populations (7) .
Low gene flow among these populations increases the potential for selection to modify drilling behavior at the local level. Recent work has shown that recruitment of barnacles and mussels is one to two orders of magnitude higher along the Oregon coast than along the California coast (17) . This massive difference appears to result from larvae in California being carried farther offshore by stronger upwelling (17) . Upwelling patterns are driven by relatively stable climatic and geomorphic features (27) , suggesting that gross differences in recruitment may be spatially consistent over long time scales. We suggest that these regional differences have shaped evolutionary variation in Nucella behavior. In Oregon, preferred prey such as bay mussels and acorn barnacles are abundant (20) , and therefore the ability to recognize and drill M. californianus may have little effect on fitness. In contrast, these preferred prey are uncommon or absent at wave-exposed sites in central California (20) . Thus, N. canaliculata in California often have little prey available other than M. californianus, creating a potential (but untested) selective advantage for whelks that use this prey source (28) . Although factors other than prey availability vary between these regions, we note that the site in Oregon where M. californianus drilling was appreciable (O3, Cape Arago) (Figs. 1 and 2 ) is distinguished by persistent upwelling and low recruitment (17) , similar to California.
Geographic variation in Nucella predation has important consequences for the dynamics of these intertidal communities. The predatory sea star Pisaster ochraceus is common at our study sites and can play a keystone role by setting the lower vertical limit of mussels (15, 29) . Because Pisaster consume prey more rapidly than do whelks, sea stars have greater per capita and total impacts on mussels (21) . However, if Pisaster densities along the Pacific coast were reduced by disease (30, 31) , changes in these communities might vary spatially with whelk behavior. To test this hypothesis, we transplanted M. californianus to low intertidal cages that selectively excluded sea stars at two sites in each region (18) . After 9 months, N. canaliculata had drilled 18.7% of transplanted mussels in California (SEM ϭ 3.7, n ϭ 8 cages). In contrast, not a single mussel was eaten in Oregon, despite mean whelk densities (in cages) that were seven times higher than those in California. Taken with the low recruitment (17) and slow growth (19) of mussels at these California sites, our data suggest that, after a loss of sea stars, Nucella could partially or completely fill Pisaster's functional role in California but not in Oregon.
Our results suggest that local selection on behavior may be a powerful source of geographic variation in species interactions, capable of altering the community importance (3) of species along latitudinal gradients. This conclusion has important implications for the design and management of large-scale networks of marine reserves. Because species interactions may be shaped by restricted gene flow and local selection, inferences from local studies may fail to predict the functional importance of species across larger spatial scales. 128; Mantel test, P Ͻ 0.01). Significant associations were also found using log-transformed data, and comparing geographic distance versus coalescent-based measures of migration (18) .
